a aant
Mr \( \'mm 1981
® ‘:“' e

el e,y

" DIMASHI

: s s "‘. (] " iF ’
| Aok LR
O L LGS

A i : i . B . “7,"! %

\




JAOCS

ISSN: 0003-021X

CALENDAR  832A JJASDH 58(11) 959-1020
MEETINGS 835A  Conference on Dietary Fats and Health program
VIEWPOINT 845A  Grain Pact—U.S. and U.S.S.R.
INDUSTRY NEWS 846A  Report on ACS summer meeting
INTERNATIONAL 850A New Zealand conference on oils, fats and waxes
FROM WASHINGTON 852A  Oilseed production forecasts rising
PEOPLE 854A  Profile: Laurens van Deenen
PUBLICATIONS 856A  Book reviews . . . new publications . . . Nov. Lipids
NEW PRODUCTS 864A
INSIDE AOCS 867A  Call for nominations—AQCS officers
MEMBERS 869A  President’s Club and Honor Roll . . . new members
TECHNICAL 959 Storage Effect on Selected Chavacteristics and Lipids of Defatted Soy
Flours
S.L. Melton, R.E. Moyers and J.1_ Jaynr:
966 Polyphenols in Olive Qils
T. Gutfinger
969 Open Pollinated and Hybrid Sunflower Seed Structures That May
Affect Processing for Oil
W.H. Morrison i, D.E. Akin and J.A. Robertson
972 Fatty Acids of Canola Brassica campestris var Candle Seed and Oils at
Various Stages of Refining
J-L. Sebedio and R.G. Ackman
974 Utilization of Zearalenone-Contaminated Corn for Ethanol Production
G.A, Bennett, A A, Lagoda, O L. Shotwell and C W. Hesseltine
976 Water Imbibition by Normal and Hard Soybeans
F. Arechavaleta-Medina and H.E. Snyder
980 Argentation Resin Chromatography of Diterpene Resin Acids
S.S. Curran and D.F. Zinkel
982 Effectiveness of Several Polyunsaturated Seed Qils as Boll Weevil
Feeding Deterrents
M. Jacobson, M.M. Crystal and R. Kleiman
983 Effect of Plastic Fats on Thermal Stability and Mechanical Properties
of Fat-Protein Gel Products
C.M. Lee, JW. Hampson and A. Abdollahi
988 Trace Element Composition of Conumon Qilsceds
Y.G. Deosthale
991 Some Observations on the AOAC Method for the Analysis of Brom-
inated Qils
R.R. Lowry and 1.J. Tinsley
993 Comparative Study of Methods of Determining Oil Content of Sun-
flower Seed
J.A. Robertson and W.R. Windham
997 A Comparison of the Stability of Sunflower Oil and Corn Qil
A.-S. Huang, O.A.-L. Hsieh, C.-L. Huang and $.8. Chang
1002 Determination of the Unsaponifiable Matter in Fatty Acids by a Rapid
¢ Column Method
The symbol )‘ R.J. Maxwell, K.A. Reimann and K. Porcell
precedes all refereed 1005 HPLC Separation of Natural Oil Triglycerides into Fractions with the
. Same Carbon Number and Numbers of Double Bonds
papers in JAOCS. B. Petersson, O. Podlaha and B. Toregrd
SOAPS AND DETERGENTS 1011
Technical 1012 A New Method for Evaluating the Washing Power of Washing Agents
for Cotton Fabrics: |. Description
W. Vogtman, A. Degdrski and E. Wdjcik
1015 A New Method for Evaluating the Washing Power of Washing Agents
for Cotton Fabrics: 11. Evaluation of the Method’s Usability
W. Vogtman, A. Degdrski and E. Wdijcik
. Industry News 873A  Detergent alcohols in the news
Meetings 874A  Surfactant symposia
ABSTRACTS 875A
INDEX TO ADVERTISERS 885A

CLASSIFIED ADVERTISING

886A



Five control and 5 test dishes (5 replicates) were prepared
for each oil. The number of feeding punctures/bud was
counted under a dissecting microscope.

RESULTS AND DISCUSSION

Table I gives the plant name and family, oil yield and its
content of conjugated acid, and the antifeedant test results
for each of the 12 candidate oils tested. Besides tung oil,
only the seed oils of Calendula suffruticosa, Centrantbus
macrosipbon, Jacaranda mimosifolia and Momordica
cochinchinensis deterred feeding by the boll weevil, Of the
latter 4 oils, C. macrosiphon was the most effective; this is
not surprising, since the seed oil of this plant is known to
contain a-eleostearic acid (4). The 9E,11Z,13Z isomer of
this acid is present in the seed oils of Punica granatum (5),
M. cochinchinensis (6) and Trichosanthes anguina (7) in
both the free and combined forms, but only the oil of
M. cochinchinensis was deterrent, C. bignonioides seed
oil, which contains the 9E,11E,13Z isomer (5), was ineffec-
tive, The active seed oils of C. suffruticosa and J. mimosi-
folia contain the 8E,10E,12Z and 8Z,10E,12Z isomers,
respectively, of 8,10,12-octadecatrienoic acid (8,9), but
the oil of Calendula arvemsis, which also contains the
8E,10E,12Z isomer (8), did not deter feeding. The seed
oils of Impatiens balsamina and 1. flemingii, both of
which failed to deter feeding, contain (9Z,11E,13E,152)-

9,11,13,15-octadecatetraenoic acid (10). Santaium album
seed oil, which was also ineffective, is known to contain
(E)-11-octadecen-9-ynoic acid (11). All conjugated acids
were found to be unisomerized.
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Effect of Plastic Fats on Thermal Stability and
Mechanical Properties of Fat-Protein Gel Products

C.M. LEE, JW. HAMPSON! and A. ABDOLLAHI, Department of

Food Science & Technology, Nutrition and Dietetics,
University of Rhode Island, Kingston, Rl 02881

ABSTRACT

Meat was comminuted with soybean-oil-based plastic fats of differ-
¢nt physical properties and cooked at 2 different rates. Thermal
stability of emulsion was inversely related to fat softness and
heating rate, Stable emulsions were obtained when prepared with
fat containing 30% solids at 16% product fat level, 40% solids at
22% level, and 50% solids at 28% level, Release of fat and water
ipon heating commenced about 10 C below the softening point of
the fat. Compressive force (CF) increased markedly and shear force
(SF) increased moderately with increasing hardness of fat. Both CF
and SF reached a maximum at the 40% fat solids level, Increased
total fat tended to reduce mechanical strength. Faster heating
resulted in greater mechanical strength of cooked product but
caused fat separation in high fat products formulated with soft fats,

INTRODUCTION

Comminuted meat products such as frankfurters and
sausages are prepared by chopping meat with the addition
of salt and ice to a fine homogenate which forms a stable
matrix upon cooking, When the temperature of the com-
minuted batter reaches the melting point of the fat incor-
“orated during chopping (1), or a flowing of fat is allowed
within the matrix, the fat starts to coalesce, resulting in
-mulsion destabilization. A formation of large conglomer-
ates of fat accompanied with discontinuity of protein

'Eastern Regional Research Center, SEA, USDA, Philadelphia,
?A 19118,

matrix was seen photomicrographically in the batter
chopped at 26 C, whereas uniform fat dispersion in a
continuous protein matrix was observed in batter chopped
at 16 C (2,3). Interestingly, after being cooled to 17 C by
adding Dry Ice while chopping, such destabilized emulsions
(chopping temperature 27 C) were restabilized (4), A recent
study by Lee et al. (3) explained stabilization after addition
of Dry Ice by hardening of fat which permits uniform fat
distribution. This clearly indicates that emulsion stability
is determined by the fat distribution pattern which, in turn,
is influenced by the physical state of the fat incorporated
at the time of comminution. Despite the seemingly impor-
tant role of fat physical properties in emulsion stabilization,
virtually no studies have been reported, particularly in
relation to stability of protein-gel type emulsions. There-
fore, it was decided to investigate how physical properties
of fats affect the emulsion stability as well as the mechan-
ical properties of cooked emulsion products. Parameters
used in this study were physical properties of fat, thermal
stability of emulsions and mechanical properties of cooked
products,

MATERIALS AND METHODS
Preparation of Plastic Fats and Emulsions

Soybean-oil-based plastic fats were prepared by melting an
800-g mixture of soybean oil (IV = 120) and stearin (mp =



70 C) (Durkee Foods, SCM Corp., Cleveland, OH) in a
water bath at 70 C such that the DSC-measured solid fat
content was varied from 10 to 50%, and subsequently
solidifying under constant mixing in an ice-water bath to
permit uniform crystallization. IV and mp were determined
by Wijs (5) and Capillary tube (6) methods, respectively.
The mixing time varied, depending on the time required for
complete crystallization which was different from batch to
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FIG. 1, Heating curves of fast heating (I) and slow heating (II).
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FIG. 3, A typical computer output of endothermic peak.

batch,

Meat emulsions were prepared by chopping 600 g of
prechilled ground meat (0 C, 3.2% fat) with 262 mL of
10.25% NaCl solution (0 C) and 35 mL of 50% corn
syrup (DE42, Clinton Corn Processing Co., Clinton) in a 5-
pound capacity Fleetwood bowl chopper (Model FC-14)
for 15 min. Individual batters were further chopped, respec-
tively, after addition of 145 (16%), 225 (22%), and 350 g
(28%) of plastic fats of different physical properties for
another 15 min. Each batter was stuffed into cellulose
casings (23 mm diam., Precision Nojax, Union Carbide
Corp.), linked into 5-in. pieces and cooked at 2 different
rates in a smokehouse equipped with temperature and
humidity controls. The heating rate (Fig. 1) was varied by
appropriately changing air temperature while maintaining
humidity at an average of 40% RH.

Measurement of Viscosity

A Brookfield Viscometer (Model RVT) with a spindle #7
measured the apparent viscosity of the batters at the
completion of chopping (18 C). Triplicate measurements
were made at 10, 20 and 50 rpm. Shear stress (7, dyne/
cm?) at the wall of spindle was computed using the follow-
ing equation: 7 = (F-M)/(R?.27L), where F = full torque
capacity (7,187 dynecm); M = torque readings (%), R =
radius of spindle; and, L = height of spindle.

Shear rate (7, sec ') was calculated using the equation,
Y = 2nR-RPS/6 where RPS = revolution/sec, and § = thick-
ness of the batter involved in shearing action. The apparent
viscosity (4, poise) at a given rotational speed was then
computed using the equation, u=7/y.

Evaluation of Physical Properties of Fat

A series of fats prepared as above was analyzed for its:
solid fat content, hardness and softening point. Using a
differential scanning calorimeter (Perkin-Elmer, DSC-1B),
solid fat content was determined by comparing the peak
area (mcal) to that of 100% solid stearin (Fig. 2). The
sample weighing ca. 15 mg was cooled to -15 C and heated
at increments of 10 C/min. A typical computer output of
endothermic peak is shown in Figure 3. Fat hardness was
evaluted both by the AOCS penetration method (7) using .
micropenetrometer and by the Instron penetration method
which was developed in this study, Fat sample was hand-
packed in a 100-mL plastic cup with even surface and
temperated overnight at 15 C prior to test.

In the Instron penetration method, using a probe of 1.5
mm diameter and a crosshead speed of 50 mm/min and a
chart speed of 100 mm/min, the first peak height was
determined as the penetration force (Fig. 4). In the AOCS
method, the reciprocal of penetration distance measured by
the micropenetrometer was used as an index of hardness
and termed ‘“hardness index.” The softening point was
measured by a Fisher-Johns melting point apparatus. Fat
samples weighing ca. 10 mg were placed on the plate which
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FIG, 4. A typical force-deformation curve obtained by the Instron
penetration method.



had been equilibrated at 0 C, and covered with a cover
glass. The plate was then heated at increments of 5 C/min,
The temperature at which the fat started to flow was read
and designated “softening point.”

Using the above physical data, relationships among
hardness index, penetration force, solid fat content and
softening point were obtained.

Thermal Stability Test

Uncooked emulsions were evaluated for thermal stability
by the following methods: a plug of batter (ca. 20 g
obtained from each preparation was placed in a 60 mL
glass jar and heated at 60 and 70 C, respectively, for 30 min
in a water bath. The amount of fat and water released upon
heating was measured by transferring the fluid into a 10-
mL graduated cylinder. The percentage retention of fat and
water was used as an index of thermal stability. Moisture
content was determined by the AOAC method (8). Fat
content was determined by following the method of Bligh
and Dyer (9), except that 100% chloroform instead of a
chloroform/methanol mixture (1:2, v/v) was used as an
extraction solvent. Also, the internal temperature of the
batter at which a release of fluid commenced was deter-
mined. The method was as follows: about 20 g of batter
was placed in a water-jacketed funnel. A thermocouple
probe (copper-constantan) was then placed in the center of
the batter. Temperature of the batter was monitored while
circulating heated water (60 or 70 C) through the jacket.

Evaluation of Mechanical Properties

Mechanical properties of cooked emulsion products were
evaluted by compression and shear tests. Measurements in
5 replications were made with an Instron Testing machine
(Model 1122) using cylindrical specimens (20 mm height
X 20 mm diam,) at a cross-head speed of 50 mm/min and
a chart speed of 100 mm/min. For a single compression
testing, 3 different cross-head speeds, 20, 50 and 100 mm/
min, were used to evaluate the effect of deformation rate.
From a single compression (70% deformation), a force
which causes specimens to fail was measured as compressive
force, whereas from 3 repeated compressions (30% defor-
mation), unrecoverable deformation was measured and
expressed in terms of percentage of plastic deformation
(= 100 X unrecoverable deformation/specimen height).

Statistical Analysis of Data

The data were analyzed for the significance of differences
between treatments by Student’s t-test using the Statistical
Analysis System (10).

RESULTS AND DISCUSSION

When the fat hardness index (HI) was obtained as a recip-
rocal of penetration distance, HI was shown to be an
exponential function with respect to solid fat content
(Fig. 5), while having a linear relationship to penetration
force. The relationship was expressed as: Y = 14.58 X
< 0.21, where Y = penetration force (G) and X = hardness
i dex (cm™), The softening point of plastic fats showed
a linear relatdonship with solid fat content. The relation-
ship was expressed as Y = 0,327X + 44, where Y = soften-
ing point (C) and X = solid fat content (%).

Emulsion retention of fat was significantly decreased as
‘he fat level or heating rate was increased (Fig. 6). The
decreases in retention appeared to be drastic when the
emulsions were prepared with soft fat of HI less than 0.54
cem™! (equivalent to 20% solid fat contents). A reduced
ctention with increased heating rate may explain why
'mulsions become less thermally stable when cooked at a
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high humidity which increases heating rate. In the same
figure, fat retention with increasing hardness was smaller
at the 16% fat level than at 27 and 28% fat levels. Stable
emulsions were obtained with fats of HI greater than 0.87
cm™! (equivalent to 30% solid fat content) at the 16% fat
level, 1.8 cm™ (equivalent to 40% solid fat content) at the
22% fat level, and 3.0 cm™ (equivalent to 50% solid fat
content) at the 28% fat level.
As shown in Figure 7, water retention was decreased as
_the fat level was increased. This could be explained by a
reduced water retention capacity accompanied by a dimin-
ished continuity of gel matrix as a result of an increase in
fat level, It was notable that the effect of fat hardness on
water. retention appeared to be insignificant (p < 0.05) at
all fat levels except the 22% fat level (60 C).
Figure 8 shows relationships between emulsion solid fat
content and the commencing temperature, and between
softening point and commencing temperature. The temper-
_ature at which a separadon of fat and water commenced
increased with an increase in solid fat content. This sug-
gests that emulsions prepared with fats of low solid content
(soft fats) are thermally less stable unless fat is dispersed
uniformly throughout the matrix. Our photomicrographical
study (3) revealed that soft fats (0.25-0.54 em™! HI) were
not uniformly dispersed during comminution whereas
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sions; emulsions were prepared at 16% fat level, and the viscosity
was measured at 20 rpm,

medium hard fats (0.87-1.8 cm™' HI) were uniformly
dispersed. Release of fat and water upon heating emulsions
commenced about 10 C below the softening point of fat.
Overall, the commencing temperatures at the 16% fat level
were higher than those at the 22% fat level, although the
difference was not statistically significant (p < 0.05).

Changes in emulsion viscosity were rather sharp with an
increase in fat hardness up to 0.78 cm™' HI and thereafter
remained stable (Fig. 9). This suggests that there is a critical
viscosity and hardness index below which emulsions be-
comes unstable. From the same results, it was also noticed
that the viscosity dependency of thermal stability was
affected by fat hardness. A photomicrographic study
indicated that a soft fat of 0.25 em™ HI (equivalent to the
10% fat solid level) produced a loose matrix in which fat
flowed without being uniformly dispersed, whereas medium
hard and hard fats (HI > 0.78 cm™) were localized in a
discrete phase,

Effect of solid fat content on the compressive force of
cooked products is shown in Figure 10. With an increase in
solid fat content, compressive forces were increased and
reached a maximum at the 40% (equivalent to 1.8 cm”
HI) and then leveled off. Leveling off at 40% solid fat
content was believed to be due to insufficient fat dispersion
which was caused by the decreased mobility of hard fats.
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FIG, 10. Effect of fat hardness on the compressive force of cooked
products; ® — (fast heating) and a--- (slow heating), both at 22%
fat level,
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The effect of solid fat content on the compressive force
was significant (p < 0.01) between the 18% and the 22% fat
level, but no significant difference was observed between
the 15%and the 22% fat level. No significant difference in
compressive forces was observed at 3 different deformaton
rates (20, 50 and 100 mm/min) (p < 0.05). In the same
figure, with solid fat contents of less than 20% (equivalent
to 0.54 cm™ HI) virtually no compression failure occurred
to the products. This was because the matrix was complete-
ly disintegrated as a result of fat separation and thus no
longer elastic, A complete discontinuity of matrix was
shown by a previous photomicrographical study (3). Fast
«cating resulted in greater product compressive force (Fig.
10) than slow heating.
In Figure 11, the effect of fat hardness on cooked prod-
uct plastic deformation is shown, At a hardness index
greater than 0,54 cm™, there were insignificant changes in

plastic deformation, whereas at HI less than 0.54 cm™,

there were drastic increases in plastic deformation showing
no resiliency. With a decrease in the fat level or an increase
in the hardness of fats, the continuity of protein matrix
was increased. This was reflected in a decrease in plastic
deformation. Fast heating resulted not only in greater
compressive force but also in greater plastic deformation
than slow heating, suggesting that fast heating makes
products less brittle or less likely to crack. Shear test
results (Fig. 12) showed a pattern of changes in force with
changes in solid fat content similar to the compression test.
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